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� PCB11 and other PCB congeners were analyzed with HRGC coupled with HRMS.
� High concentrations of PCB11 and PCBs were detected in all pigment samples.
� PCB 11 was the major contributor of total PCB concentration.
� 12 Dioxin-like PCBs were investigated and WHO-TEQ were calculated.
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a b s t r a c t

A non-Aroclor PCB congener, 3,30-dichlorobiphenyl (PCB 11) has recently attracted wide concerns
because of its environmental ubiquity and specific sources potentially associated with yellow pigment
production. In order to investigate PCB 11 and other PCBs in the yellow pigment products, 24 yellow pig-
ment samples were collected from three different manufacturing plants in China.

P
20PCBs and PCB 11

were in the range of 50.7–9.19 � 105 ng g�1 and 41.7–9.18 � 105 ng g�1, respectively, which was much
higher than those reported in previous study. The corresponding TEQ values ranged between 0.16 and
4.21 � 103 ng WHO2005-TEQ kg�1. The contribution of PCB 11 to

P
20PCBs reached up to 85.5% (median

value) followed by PCB 28, PCB 77, and PCB 52 with contributions of 10.5%, 6.70%, and 5.40%, respectively.
Significant differences were observed for PCB 11 concentrations among the different types of yellow pig-
ment from the same plant and among the same sample types from different plants. The PCB 11 concen-
trations in diarylide yellow pigments produced from 3,30-dichlorbenzidine were the highest in all the
samples. It demonstrates that yellow pigment is a significant source not only for the widespread pollu-
tion of PCB 11 but also for other PCBs, especially for the lower chlorinated congeners.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Polychlorinated biphenyls (PCBs), one of the most famous ‘‘dirty
dozen’’ persistent organic pollutants (POPs), used to be produced
and commercially used as mixtures. Because of their specific
properties such as good stability, low volatility, insulativity and
non-flammability, PCBs have been applied in a series of industrial
applications such as coating, links, flame retardants, paints,
electronic appliances, heat-transfer systems and hydraulic fluids
(Srogi, 2008). PCBs were targeted for elimination under the Stock-
holm Convention on POPs due to their environmental persistence,
toxicity, and bioaccumulation properties, and could pose hazard to
environment, biota and humans (UNEP, 2001). Although, PCBs
were banned by most countries as early as the 1970s, they can still
be detected in air, soil, water, sediment, and biota at a global scale,
even in remote sites such as the polar regions, deep seas and high
mountains (Ballschmiter et al., 1997; Stegeman et al., 2001; Wang
et al., 2009; Li et al., 2012a,b).

With regard to PCB congeners, the 12 dioxin-like PCBs and six
indicator PCBs usually gain the most attention, although the levels
of these congeners have been declining in environment since PCBs
were banned (DSEWPC, 1998; O’Reilly and Yarto, 2010; Dang et al.,
2012). However, 3,30-dichlorobiphenyl (PCB 11), a non-Aroclor PCB
congener but unintentional by-product of manufacturing pro-
cesses, has recently come under the spotlight. The occurrence of
PCB 11 in the environment was noted by Litten et al. (2002) in sur-
face water and wastewater from two wastewater treatment plants
near pigment manufacturing facilities in the New York/New Jersey
Harbor area in 2002. During subsequent years, PCB 11 was ubiqui-
tously detected in water, suspended particulate material, biota,
soil, and air even in the Polar Regions (King et al., 2002; Hu
et al., 2008; Basu et al., 2009; Wang et al., 2010, 2012; Li et al.,
2012a). And PCB 11 was reported as a dominant component in
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some places (King et al., 2002; Rodenburg et al., 2010; Baek et al.,
2013; Grossman, 2013), even made the total PCBs concentration
exceed the local standard in the Delaware River (Rodenburg
et al., 2010). Some studies suggested that PCB 11 had some poten-
tially toxic activities like calcium, dopamine, and thyroid hormone
interference (Shain et al., 1991; Kodavanti, 2005).

In recent years, researchers have discussed several potential
emission sources of PCB 11, such as municipal solid waste inciner-
ators, degradation of more chlorinated CBs, release from Aroclor
1221, and paint and pigment manufacturing (King et al., 2002;
Hu and Hornbuckle, 2010). In 1999, the US EPA (1999a,b) reported
that PCBs were detected in pigments and had varied concentra-
tions. Hu and Hornbuckle (2010) has investigated the distribution
of PCB 11 in paint pigments purchased in the US and PCB 11 was
detected in 13 of 33 analyzed paint pigments. High concentrations
of PCB 11 were also observed in printing inks and various con-
sumer goods (e.g., color magazine, color newspaper, brown
(unprinted) cardboard and yellow plastic bag) which contain
yellow pigments (Rastogi, 1992; Rodenburg et al., 2010). Increas-
ing evidence has been yielded to take the yellow pigment manu-
facturing as the principal source of PCB 11, in particular for
diarylide yellow pigment which is made from bisdiazotized 3,30-
dichlorobenzidine (Litten et al., 2002; Hu and Hornbuckle, 2010).

Occupational exposure during pigment manufacturing process
and dermal contact with pigment products might be the main
routes for human exposure to pigments (HSDB, 2003). China has
the largest production of classic organic pigment in the world.
According to the report of the China Dyestuffs Industry Association
(CDIA) (CDIA, 2009), the production of organic pigment in 2008
was 1.85 � 105 metric tons among which 1.52 � 105 metric tons
were exported. As the most important and commonly used type
of pigment in printing and other applications (Herbst and Hunger,
2004), the annual production of organic yellow pigments was up to
2.0 � 104 metric tons in China (Yang and Zhang, 2011), of which a
large proportion was diarylide yellow pigments. The organic pig-
ment and relevant products might be an important source of PCB
11 in China.

Although a few studies have been performed on the presence of
PCB 11 in pigments (Hu and Hornbuckle, 2010) and related con-
sumer goods in the US (Rodenburg et al., 2010), to our knowledge,
there is currently no published data on the contamination of PCB
11 and other PCBs in pigments and related products from China.
This study was aimed to investigate and provide an overview of
the concentration and distribution of PCBs in yellow organic pig-
ments from China.
2. Materials and methods

2.1. Samples and reagents

2.1.1. Samples
The pigment samples were collected from three manufacturing

plants (Table S1 in Supporting Information) in 2010: plant A was
located in Beijing, plant B in Jiangsu province and plant C in Shang-
hai. We collected 14 pigment samples in plant A, 5 in plant B, and 5
in plant C. 9 of them were monoazo yellow pigments, 14 samples
were disazo yellow pigments, and one was quinophthalone
pigment.
2.1.2. Reagents
All the organic solvents were pesticide residue grade from J.T.

Baker (NJ, USA). Silica was purchased from Merck (silica gel 60,
Darmstadt, Germany). Anhydrous sodium sulfate was purchased
from Beijing Chemical Factory (China). Calibration standard solu-
tions, 13C12-labeled surrogate standards (68A-LCS, 13C12-PCB 1, 3,
4, 15, 19, 37, 54, 77, 81, 104, 105, 114, 118, 123, 126, 155, 156,
157, 167, 169, 188, 189, 202, 205, 206, 208, and 209) and 13C12-la-
beled injection standards (68A-IS, 13C12-PCB 9, 52, 101, 138, 194)
were purchased from Wellington Laboratories (Guelph, Canada).
PCB 11 standard was purchased from Dr. Ehrenstorfer GmbH
(Augsburg, Germany), the purity is 99.0%.

2.2. Sample extraction and analysis

The method of sample extraction, cleanup, and instrumental
analysis was modified according to US EPA method 1668A (US
EPA, 1999a). About 1.0 g of sample was weighed accurately and
then extracted with 50 mL mixture of acetone and hexane (1:1,
v/v) in a flat bottom flask by ultrasound for 45 min. The clean-up
procedure was based on our previous report (Liu et al., 2006). An
aliquot of the extract contains 0.01 g pigment was spiked with
10 lL of 100 ng mL�1 labeled surrogate standards. An anthropo-
genic isolation column (1.0 g silica gel, 4.0 g 33% basic silica gel,
1.0 g silica gel, 8.0 g acid silica gel (30% w/w), 2.0 g silica gel and
a thin layer of anhydrous sodium sulfate from bottom to up) was
used for sample cleanup. The column was preconditioned with
80 mL of n-hexane and eluted with 100 mL of n-hexane. Then
the eluent was concentrated to approximately 20 lL in a sample
vial. 5 lL of injection standards were added prior to instrumental
analysis.

The PCBs were analyzed using a high resolution gas chromato-
graph (6890 N Network, Agilent Technologies, USA) coupled with a
high resolution mass spectrometer (Autospec Ultima, Waters, USA)
operating at a resolution of 10000. The detailed conditions of
HRGC/HRMS were described in our previous literature (Shang
et al., 2013). Twelve dioxin-like PCBs (PCB 77, 81, 105, 114, 118,
123, 126, 156, 157, 167, 169 and 189), six indicator PCBs (PCB
28, 52, 101, 138, 153, and 180), PCB 209, and PCB 11 were
quantified.

2.3. Quality assurance and quality control

All the performance criteria met the US EPA 1668A method
requirements. The limits of detection (LOD) were defined as sig-
nal/noise (S/N) = 3:1 and the isotopic ratios of the two main ion
pairs were within ±15% of the theoretical value. The LOD for PCBs,
PCB 11, and recovery of 68A-LCS were in the range of 2.50–
515 pg g�1, 46.6–1.33 � 103 pg g�1 and 27.4–136%, respectively.
Laboratory blanks (4 g anhydrous sodium sulfate) were analyzed
paralleled to sample analysis. PCB 11 and some indicator PCBs
(e.g., PCB 28, 52, 118, 138 and 153) were detected at very low lev-
els in the blanks (<5% of the lowest concentration in the samples),
so the results were not blank corrected.
3. Results and discussion

3.1. Categories of the sampled pigments

According to their chemical constitution, the organic pigments
could be classified into six categories: azo, polycyclic, anthraqui-
none, dioxazine, triarylcarbonium and quinophthalone pigments
(Herbst and Hunger, 2004). In this work, azo and quinophthalone
pigment were collected. As one of the most widely used category
(70% of all organic pigments worldwide (ETAD et al., 1995)), azo
pigments have the generic structure containing azo-group
(�N = N�), which could be divided into monoazo pigment (single
azo-group) and disazo pigments (two azo-groups). Most of mono-
azo pigments could be synthesized with acetoacetic arylides as
coupling components (e.g., P.Y.1, P.Y.3, and P.Y.5). Another group
of monoazo is taken 1-arylpyrazolones-5 as coupling components



Table 1
Concentrations (ng g�1) and TEQ values (ng WHO2005TEQ kg�1) of PCBs in the yellow pigment samples.

Azo pigment Q.Pd

Monoazo yellow pigment Diarylide yellow pigment B.A.Pc

P.Y.1 P.Y.3 P.Y.5 P.Y.65 P.Y.191 L.Ya M.Yb P.Y.12 P.Y.13 P.Y.14 P.Y.17 P.Y.81 P.Y.16 P.Y.138

PCB-11 244 49.3–
1.93 � 104

165 228 641–862 41.7 88.2 99.8–3.07 � 103 4154–6337 844–
8.72 � 105

1507–9.18 � 105 1.84 � 103 1.74 � 103 62.9

PCB-28 28.6 15.1–36.4 85.8 66.2 622–1142 4.00 6.22 71.4–154 136–289 67.0–648 225–677 67.5 379 12.6
PCB-52 1.12 3.80–30.1 48.0 0.90 1.21–24.6 1.11 2.79 1.07–4410 3.83–74.4 1.12–15.9 2.67–5.24 0.77 6.40 6.50
PCB-77 15.7 8.30–72.8 62.9 91.0 341–670 0.96 5.82 4.31–27.0 51.5–230 24.1–630 88.9–620 85.9 406 1.49
PCB-81 ND ND ND ND ND-0.06 0.15 ND ND ND ND ND 0.26 ND ND
PCB-105 0.04 ND-0.03 0.07 0.05 ND 0.13 0.02 0.04–0.61 0.04–0.07 0.04–0.14 ND-0.09 ND 0.08 0.06
PCB-114 ND ND ND ND ND-0.02 0.03 ND ND-0.01 ND ND-0.02 ND ND ND 0.01
PCB-118 0.08 0.12–0.15 0.28 0.29 0.17–1.26 0.52 0.07 0.05–0.14 0.12–0.22 0.12–0.63 ND-0.40 0.05 0.21 0.16
PCB-123 ND ND 0.10 0.19 ND-0.19 0.06 ND ND ND-0.02 ND-0.04 ND-0.29 ND ND ND
PCB-126 ND 0.11–0.36 0.50 0.11 13.5–33.5 0.04 0.23 ND-0.12 0.25–0.77 0.14–5.88 0.65–5.93 0.15 0.55 ND
PCB-156 ND ND ND ND ND-0.07 0.03 ND ND ND-0.02 ND-0.01 ND ND ND 0.02
PCB-157 ND ND ND ND ND 0.02 ND ND ND ND ND ND ND ND
PCB-167 ND ND 0.01 ND 0.08–0.62 0.02 ND ND ND-0.04 ND ND ND ND 0.01
PCB-169 ND ND-0.16 0.20 0.04 10.1–26.2 ND 0.17 ND-0.03 ND-0.12 ND-0.12 ND-0.23 0.03 0.05 ND
PCB-189 ND ND ND ND ND-0.36 ND ND ND ND ND ND ND ND ND
PCB-101 0.25 ND 0.66 0.30 0.06–0.34 0.62 ND ND-0.19 ND-0.42 ND-0.33 ND-0.81 ND ND 0.07
PCB-138 0.11 ND-0.09 0.15 0.11 0.07–0.55 0.53 0.12 0.04–0.16 0.09–0.22 ND-0.2 ND-0.13 0.03 0.07 0.19
PCB-153 0.14 0.21–2.08 0.69 0.55 0.67–1.14 0.52 0.18 0.04–90.6 0.13–0.33 0.19–0.24 0.65–0.98 0.08 0.15 0.22
PCB-180 ND ND-0.05 0.06 0.04 0.18–0.56 0.13 0.05 ND-0.05 ND-0.16 ND-0.07 ND-0.05 ND ND 0.04
PCB-209 0.07 ND-0.11 0.04 ND 0.04–0.21 0.14 0.06 ND-0.08 0.11–0.83 0.05–0.18 ND 0.06 2.67 0.07
P

6 indicator

PCBs
30.2 19.3–68.5 135 68.0 624–1.17 � 103 6.90 9.37 72.6–4.65 � 103 199–293 69.4–664 232–681 68.4 385 19.6

P
20PCBs 290 77.4–

1.95 � 104
364 388 63 � 103–2.76 � 103 50.7 104 1.16 � 103–

4.76 � 103
4.40 � 103–
6.86 � 103

983–
8.73 � 105

1.83 � 103–
9.19 � 105

1.99 � 103 2.54 � 103 84.3

WHO2005-TEQ 1.58 16.9–43.5 62.0 21.6 1.69 � 103–
4.21 � 103

4.13 25.8 0.43–16.0 31.4–86.1 21.3–651 80.2–655 24.7 97.4 0.16

ND: not detected or below the LOD
a Lemon pigment.
b Middle pigment.
c Bisacetoacetic arylides pigment.
d Quinophthalone pigment.
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such as P.Y.191 in this study. In turn, disazo pigments also can be
further classified into two subgroups according to the correspond-
ing diazonium salts. The dominant diazo groups are diarylide
yellow pigments and disazo pyrazolones which contain di- and
tetra-substituted diaminodiphenyls (for instance 3,30-dichloroben-
zidine, 3,30-dimethoxybenzidine, and 2, 20, 5, 50-tetrachlorobenzi-
dine) as diazonium salts, and make up about 25% of the
worldwide color organic pigments production (Savastano, 2007).
Different with diarylide yellow pigments, bisacetoacetic arylides
pigments are obtained by diazotization of aromatic amines and
then coupled onto bisacetoacetic arylides such as P.Y.16 in this
study. Besides, quinophthalone pigment has a polycyclic structure
derived from quinaldine and phthalic anhydride such as P.Y.138 in
this study. The detail information of the pigment samples and
principal molecular structures are shown in Table S1 (Supporting
Information).
*: the result of this study (ng g-1) **: the result of Hu (ng g-1 f.w.) 

Fig. 2. Comparison of total PCBs (sum of mono- to deca-PCB congeners) and PCB11
concentrations in yellow pigments between our study and Hu and Hornbuckle
(2010).
3.2. Concentrations and distribution of PCBs

Table 1 summarizes the detected concentrations of individual
PCB congeners in all sampled pigment products.

P
20PCBs were

in the range of 50.8–9.19 � 105 ng g�1 with a median value of
1.76 � 103 ng g�1. The PCB levels varied widely among the differ-
ent kinds of pigments from the same manufacturer and also among
the same type of pigment collected from different plants. The lev-
els were much higher than the total PCB concentrations (209 PCB
congeners) in the pigments reported by Hu and Hornbuckle
(2010) (2–200 ng g�1), and comparable to the result investigted
by Japan Dyestuff and Industrial Chemicals Association (METI,
2012). Generally, diarylide yellow pigment samples contained
much higher levels of PCBs than the other types of pigments. As
shown in Table 1, much higher PCB concentrations were detected
in pigments from plant C (1.99 � 103–9.19 � 105 ng g�1, median
value 1.95 � 104 ng g�1) followed by those from plant B (983–
6.86 � 103 ng g�1, median value 2.76 � 103 ng g�1) and from plant
A (50.7–6.25 � 103 ng g�1, median value 775 ng g�1). It should be
noted that the PCB levels in pigments P.Y.14 (C) (8.73 � 105 ng g�1)
and P.Y.17 (C) (9.19 � 105 ng g�1) were approximately 20 times
higher than the upper bound limits (50 ppm) in commercial
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Fig. 1. Relative distribution of 20 analyzed co
diarylide or phthalocyanin pigments regulated by EPA in 1979
(U.S.EPA, 1979). P.Y.14 and P.Y.17 are used in polyolefins, packag-
ing and textile printing ink industries in large amounts, especially
P.Y.17 which is used primarily in the printing ink field and applied
in a variety of packaging printing inks, and interior linings of cans
and other products due to its high transparency (Herbst and Hun-
ger, 2004).

P
20PCBs of P.Y.14 (C) and P.Y.17 (C) also exceeded the

permission level of European Resolution AP (89)1 (Council of Eur-
ope, 1989), which regulated that the concentration of PCBs in col-
orant, used for the coloration of food packing materials in plastics,
should not exceed 25 mg kg�1. The concentrations of indicator
PCBs were in the range of 6.90–4.65 � 103 ng �1 (as shown in
Table 1), and it was much higher than that in chemically
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Fig. 3. Possible pathway for generating PCB 11 as a by-product from the synthesis of diarylide yellow pigments.
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degraded-transformer oil (0.70–4.70 ng g�1) and PCBs free oil (ND-
1.7 ng g�1) reported by Takasuga et al. (2006). The sum of indicator
PCBs in diarylide yellow pigments were in some cases higher and
silimar to PCBs fortified transformer oil (131–218 ng g�1) and PCBs
polluted transformer oil (105–195 ng g�1) (Takasuga et al., 2006).

3.3. Concentrations and distribution of PCB 11 in pigments

Among the 20 analyzed PCB congeners, PCB 11 was detected in
all yellow pigments with high concentrations which ranged from
41.7 to 9.18 � 105 ng g�1 with a median value of �1.14 � 103 -
ng g�1, which accounted for 85.5% (median value) of

P
20PCBs

and even up to 99.8% in P.Y.17 (C) (Fig. 1). Especially in diarylide
yellow pigments diazotized with 3,30-dichlorobenzidine (DCB),
the percentage of PCB 11 was as high as 92.3% (median value) with
an exception of 2.10% in P.Y.12 (A). The PCB 11 concentrations
were much higher than the result of the same type pigment re-
ported by Hu and Hornbuckle (2010) (Fig. 2). Significant differ-
ences in concentrations of PCB 11 were observed between disazo
pigments and monoazo pigments collected from the same plant
(p < 0.05). The level of PCB 11 in diarylide yellow pigments was
the highest among the pigments collected in this investigation
(Fig. 2). A disazo pigment (P.Y.16 (A)) and a kind of monoazo pig-
ment (P.Y.191) were found containing similar level of PCB 11 as
diarylide yellow pigments from the same plant, although they have
different chemical structures and synthesis pathways.

In order to improve the application performance, crystal modal-
ity and the distribution of the particulate size of the pigments, dif-
ferent types of dispersants (alkyl sulfonate, sulfate, sodium
dodecylbenzene sulfonate, polymer dispersants, etc.) are added
in the manufacturing processes (generally added at the end of syn-
thetic process) to generate a variety of products with the same
base chemical structure such as the group of P.Y.12 and P.Y.12G-
PP, group of P.Y.13, P.Y.13 GR-W, P.Y.13 GR-NC (Tr), and group of
P.Y.14, P.Y.14 2GS, P.Y.14 2GS-PA (Tr). For these group of products
manufactured in the same plant, the concentrations of PCB 11 var-
ied widely and no clear correlation were found between the PCB
congeners of the same type of pigments (p > 0.05), which may indi-
cate that the additives could affect the formation of these PCB
congeners. In three plants, much higher concentrations of PCB 11
were detected in plant C, not only for the diarylide yellow pig-
ments but also for monoazo pigments just like P.Y.3(C), of which
the concentration was approximately 400 times higher than that
in P.Y.3 (A) and 100 times (median value) higher than that in other
monoazo yellow pigments, futhermore, percentage of PCB 11 ex-
ceed 90% in all pigments collected from Plant C including the
monoazo yellow pigment P.Y.3 (C) (99.3%) (Fig. 1). This discrep-
ancy in levels of PCB 11 from different plants might be due to dif-
ferences in raw materials, manufacturing techniques and
conditions.
3.4. Distribution pattern of other PCBs in pigments

Although PCB 11 was the dominant congener in the pigment
samples, the levels of some other PCBs were also very high. The
concentrations of two indicator PCBs (PCB 28, 52) and one
dioxin-like PCB congener (PCB 77) were in the range of
4.00–1.14 � 103 ng g�1 (median value 81.0 ng g�1), 0.77–4.41 �
103 ng g�1 (38.2 ng g�1), and 0.96–670 ng g�1 (67.9 ng g�1),
respectively. A strong linear relationship was found between PCB
28 and PCB 77 (Pearson’s correlation r = 0.94, p < 0.01), PCB 11
and PCB 77 (r = 0.68, p < 0.01), PCB11 and PCB28 (r = 0.48,
p < 0.05). There was no clear correlation between PCB 52 and the
other three congeners (PCB 11, PCB 28, and PCB 77) (r < 0.2,
p > 0.05). Hu and Hornbuckle (2010) found previously that PCB
209 accounted for more than 30% in phthalocyanine green pig-
ments but in this study this fully chlorinated congener was found
only at low levels in all yellow pigment samples.

It is exceptional that PCB 52 had a high percentage of
P

20PCBs
(92.0%) in pigment of P.Y.12 (A) diazotized with 3,30-dichloroben-
zidine, and it is also contradicts to the previous findings by Hu
and Hornbuckle (2010). But the reason is not clear.
3.5. WHO-TEQ values in the pigments

The TEQ values of PCBs of the 24 yellow pigment samples were
calculated based on the WHO2005–TEFs (Van den Berg et al., 2006),
and they were in the range of 0.16–4.21 � 103 ng kg�1 (average va-
lue of 328 ng kg�1 and median value of 30.3 ng kg�1) with five di-
oxin-like PCBs detected in most of pigment samples. The highest
TEQ values were observed in P.Y.191 (B) (4.21 � 103 ng kg�1) (pyr-
azolone pigment), followed by P.Y.191 (A) (1.69 � 103 ng kg�1),
P.Y.17 (C) (655 ng kg�1), and P.Y.14 (C) (651 ng kg�1) which was
mainly due to the relatively higher concentrations of PCB 126 with
the highest toxic equivalent factor (TEF). The high TEQ of the
pigments may pose higher exposure risk for occupational workers.
As the major contributors to total PCBs, PCB 11, 28, and 52 should
not be ignored, which have been reported producing a great variety
of biological effects such as neurochemical effects, cognitive
impairment, and development toxicity (Chu et al., 1996;
Kodavanti, 2005; Llansola et al., 2010; Lilienthal et al., 2011).
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3.6. Possible pathways of PCB 11 into the pigment products

Theoretically, there are two possible pathways for PCB 11 to be
introduced into the pigment.

(1) It may be through the raw materials employed during the
synthesis processes. However, it is in contradiction with
the fact that the concentrations of PCB 11 varied widely in
pigments collected from the same plant, particularly for pig-
ments with the same chemical structures. It indicated that
the contribution of raw materials to concentration of PCB
11 was limited.

(2) PCB 11 could be generated as a by-product during the man-
ufacturing process of the pigment. Diazotization and cou-
pling are two important reactions during the synthesis of
the azo pigment. The diazo compound will be transformed
to diazonium salt by a diazotizatiom reaction with nitrosat-
ing agents, and diazonium salt could be unstable when weak
reducing agents are present, which results in the replace-
ment of diazo amino group by hydrogen atom. Generally,
3,30-dichlorobenzidine and 2,20,5,50-tetrachlorobenzidine
are technically important diazo components for the diarylide
yellow pigments (Herbst and Hunger, 2004), and they could
produce PCB 11 through this mechanism and/or the coupling
of unsaturated aliphatic compounds at lower pHs and in
presence of reducing agents (Solomons and Fryhle, 2009)
(Fig. 3). Aromatic amine and hydrochloric acid were fre-
quently used in synthesis of monoazo pigments, in that,
the free radical mechanism and the free radical rearrange-
ment of chlorine positions might play an important role in
generating PCB 11 and other PCB congeners (Hu and Horn-
buckle, 2010). This mechanism could explain the distribu-
tions of PCB 11 in most pigments in this study. However, it
could not explain the distribution of PCB 52 in P.Y.12 (A)
and P.Y.81 (C), which should be investigated further.

4. Conclusions

In the present study, we firstly investigated the concentration
and distribution of PCBs in 24 yellow organic pigments produced
in China. The levels of

P
20PCBs were mostly higher compared to

previous reports from other countries, and in some pigment sam-
ples,

P
20PCBs exceeded the permission levels of US EPA and Coun-

cil of Europe regulations. The congener profiles were distinguishly
different with previous studies, and PCB 11 was the predominant
congener in most yellow pigments, which even contributed to
more than 90% of

P
20PCBs in diarylide yellow pigments. Further

investigation on the risk of PCBs in the yellow pigments found that
the WHO-TEQ values were at high levels, suggesting they might
pose a potential risk to humans and the environment. The forma-
tion mechanism of PCB 11 and health risk of pigment are still nec-
essary to further study.
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